 (BrJ Sports Med 1996;30:305-309) 
Once each workload step was completed, saliva and blood capillary samples were collected. In order to stimulate the production of saliva, before sampling each subject rinsed his mouth with 5 ml of a dilute solution of citric acid (0.2 M) which was expelled 5 s afterwards. From that time and for the following 30 s the secreted saliva was continuously collected in a glass funnel placed on top of a graduated cylinder. The subject then washed his mouth with drinking water to remove any traces of the chemical stimulant.
The capillary blood samples were obtained from the ear lobe after briefly "milking" the tissue to move more blood into the area and "pricking" the overlaying skin with a mechanical device. The glass capillary tubes were filled with the flowing blood at the same time that the subject was spitting the saliva into the collection probe. The total time involved in the saliva and blood sample collections was less than 1 min.
As well as sampling at the end of each 3 min step, saliva and capillary blood samples were obtained at 3, 6, and 9 min of the recovery period.
Along the graded exercise test and during the recovery phase, the heart rate was continuously monitored by means of a Polar Sport Tester (Polar Electro OY, Finland).
ANALYSES
All samples were analysed for lactate content by means of an enzymatic method using lactate oxidase immobilised within a three-layer membrane which fits into a platinum electrode (YSI 23L blood lactate analyser, model 1500 Sport, YSI Inc, USA). The amount of sample used for the lactate determinations was the same for the saliva and for the capillary blood specimens (25 il). In order to reduce the variability to a minimum and avoid any possible interferences, the clear transparent upper layer of the saliva samples was used for the lactate determination. This clear layer was easily obtained after centrifugation of the sample for a few minutes or after letting the sample settle for 15-20 min.
To estimate the precision of the method, duplicate analyses of the same sample were performed in 33 specimens. To estimate the intra-assay variability, three specimens containing increasing amounts of lactate (0.3 mM, 0.7 mM, and 1.8 mM) and corresponding to three different workloads were analysed 10 times each. Step powe Step power (W) Lactate in capillary blood (mM) Figure 3 Degree of concordance between the lactate concentration ix in saliva samples obtained at the same time for each work load in the are the slopes of the two lines; (y, e) are the coordinates of the joint point; and t is the cutoff point which divides the dataset. These five parameters were estimated following the algorithm detailed by Vieth." The agreement between the lactate curves obtained from blood and saliva samples in the estimation of the lactate threshold was measured by means of the concordance correlation coefficient.'3. A 95% confidence interval for this parameter was estimated to test the ability of the new saliva based method to reflect the threshold values obtained with the classical blood based procedures.
Results
As can be seen in fig 1, there was a good correlation for each individual, on each workload T step, between the concentration of lactate in 250 R.3' R.6' R.9' the saliva samples and in the blood capillary samples. There was also a very good correlautin the tion for the whole group of individuals between workload.) the mean lactate values in saliva and in capillary blood for each increasing workload lactate in the saliva (fig 2) . l different concenWhen applying the two phase linear Llysed 40 days after regression equation to the blood and saliva lacin the interval in a tate response to increasing workloads, there was a linear relation between the natural logarithm (In) of the lactate concentration and the log of the power output with a defined slope, in linear regression aerobic conditions. This relation showed a -tate response to markedly different slope when the metabolic ling to the log-log activity moved into progressively anaerobic ,e used this model conditions, the changeover point in the slopes tilable to define the of the two regression lines determining the lacie between mainly tate threshold (LT) or anaerobic threshold bolism.
(AT). This model was tested against a single overall regression straight line model and a significant improvecter, may be writ-ment was found (P < 0.0001). to the instrumental variability). In our hands,
group.bmj.com on June 15, 2017 -Published by http://bjsm.bmj.com/ Downloaded from the precision of the method-tested by repeatedly (n = 10) analysing three different saliva samples, corresponding to three different workloads and with increasing concentrations of lactate (mean values: 0.303 mM, 0.697 mM, and 1.791 mM)-was shown to be very good (table) . A coefficient of correlation of 0.997 for values obtained by duplicate analyses in 33 saliva specimens was obtained, with no significant differences between repeated determinations analysed by the Student test for paired observations. Discussion Saliva has been used as a diagnostic tool in many clinical situations in which it has provided valuable information about the biochemical, metabolic and functional status of the individual. '4 Saliva sampling has the advantage over venous or capillary sampling that is less stressful, sparing the uncomfortable and sometimes traumatic experience of repeated venepunctures or skin prickings. It also does not require special training and offers the possibility of the subjects collecting their own samples, saving technicians' time and thus making the whole procedure convenient and economical. These features make repeated sampling more acceptable to the individual, allowing a more detailed and accurate estimation of the biochemical changes related to a particular exercise test, particularly in field studies.
Because of the absence of blood cells in the sample, which could induce changes in the lactate concentration, it is not necessary to separate the liquid from the cellular and other solid constituents of saliva after the collection of the specimen. The lactate values of the individual saliva samples remained practically constant for up to 40 days after collection.
The concentration of lactate in saliva is several times lower than in plasma, corresponding to approximately 15% of that observed in blood samples obtained at the same time from the ear lobe. However, the rate of change in the saliva lactate with increasing workloads paralleled that observed in the plasma, though with lower values, in a manner similar to that described for other plasma components such as like cortisol. ' highest possible flow rate, as it is known that the composition of saliva is closest to that of plasma when the rate of secretion is increased to a maximum.'2 At low flow rates, more time is given for the removal of ions and the "remodelling" of the primary fluid, while at higher rates of flow, less time is available for this elaboration, in which case the composition of the saliva is closer to that of plasma. In order to minimise any possible interferences in the process of transference of lactate from blood to saliva, and with the additional objective of achieving a more homogeneous salivary flow rate, we stimulate the production of saliva using a dilute solution of citric acid which interacts with taste receptors in the tongue and other receptors in the oral mucosa. In the few experiments in which we resorted to mechanical stimulation of saliva secretion (chewing gum) the values obtained were very erratic, with a lesser degree of correlation between the samples obtained in the saliva and those obtained at the same time in capillary blood samples (fig 4) . Because the pH values of stimulated saliva remain within a relatively narrow range, whereas those of unstimulated saliva are more variable, the saliva to plasma lactate ratio should be expected to be more constant after chemical stimulation with citric acid.
The results obtained in our experiments show that the determination of lactate in saliva, group.bmj.com on June 15, 2017 -Published by http://bjsm.bmj.com/ Downloaded from using the same methods that are used for measuring lactate in blood samples, can be used as an alternative in the assessment of the response of the individual to increasing workloads and in the evaluation of some of the metabolic changes that take place during the performance of physical exercise. However, we cannot be certain that the pattern of saliva lactate response that we have observed following the exercise protocol described in this paper applies to exercises performed following other protocols in which the work rate may change more rapidly. 
